Abstract. Brainstem edema caused by traumatic carotid-cavernous fistula (TCCF) is rare, and there is little information available regarding its clinical characteristics. The present report describes the case of a 51-year-old man with TCCF, who presented with right exophthalmos and intracranial bruit for 1 week. One month prior to admission at hospital, he fractured the frontal and ethmoid sinuses. Digital subtraction angiography confirmed the diagnosis of TCCF, and magnetic resonance imaging (MRI) suggested edema on the right side of the pons. Five days after admission, the patient exhibited left hemiparesis, and MRI revealed aggravation of the brainstem edema. Following treatment with transarterial balloon embolization, the clinical symptoms, including hemiparesis, were relieved; at the 1-month follow-up, the brain edema had disappeared. The patient was normal at the 6-month follow-up. Following the report of the present case, we reviewed six additional cases previously reported in the literature and discussed the potential mechanisms of TCCF-associated brainstem edema. We conclude that occlusion of the superior petrosal sinus may contribute to brainstem edema caused by TCCF. Relief of the brainstem edema and brainstem edema-associated clinical symptoms can be achieved with transarterial coil or balloon embolization of the TCCF to reduce the drainage pressure in the brainstem veins.
Introduction
Traumatic carotid-cavernous fistula (TCCF) is a rare complication of head trauma that comprises an abnormal communication between the internal carotid artery and the cavernous sinus. It is characterized by the following cardinal symptoms: Exophthalmos, ocular pulsation, intracranial bruit, cranial nerve palsy, epistaxis, brain ischemia and intracranial hemorrhage (1); however, the clinical presentation of brainstem edema in TCCF is rare, and only six cases to date have been reported (2) (3) (4) (5) (6) . Clinical symptoms are primarily determined by the direction of the venous drainage. For instance, ophthalmic symptoms are more likely with venous drainage through the ophthalmic vein, and intracranial hemorrhage is more common with venous drainage via the cortical veins. In addition, high-flow shunting often leads to intracranial bruit (7) . Due to its rarity, however, there is little information available regarding the clinical characteristics and the underlying mechanisms of brainstem edema caused by TCCF. The present report describes a rare case of TCCF with brainstem edema. In addition, we review the six known cases of brainstem edema in TCCF and discuss the potential mechanisms and prognosis of the condition.
Case report
A 51-year-old man presenting with right exophthalmos and intracranial bruit for 1 week was admitted to the First Affiliated Hospital of Jilin University (Changchun, China). The patient had a bone fracture in the frontal and ethmoid sinuses due to a car accident 1 month prior to admission. Cranial computed tomography (CT) bone window photography performed at the time of the accident revealed a bone fracture and hemorrhage in the frontal and ethmoid sinuses (Fig. 1) . He received conservative treatment and was discharged following the alleviation of the symptoms.
On examination, the right eye was proptotic with conjunctival congestion, and the visual acuity in the right eye of the patient was 0.5. Fundus examination revealed venous congestion and edema. A loud bruit in synchronization with the heartbeat was auscultated over the right orbit and the temporal bone. The eyeball was fixed with a dilated pupil that exhibited decreased pupillary light reflex. The cranial CT scan was normal ( Fig. 2A) . Fluid-attenuated inversion recovery magnetic resonance imaging (MRI) showed a hyperintense signal on the right side of the pons, consistent with brainstem edema (Fig. 2B) demonstrating normal collateral circulation in the right carotid artery and no contrast delay in the middle cerebral artery ( Fig. 2C-E) . The patient was diagnosed with TCCF. In order to improve the collateral circulation, the patient was treated with neck compression. Five days after admission, he developed left hemiparesis and right facial paralysis with shallow nasolabial folds. The muscle strength of the patient was 2/5 in the extremities with positive pathological signs, and CT and MRI revealed aggravation of the brainstem edema (Fig. 3) . The CCF was successfully embolized endovascularly with a detachable balloon on emergency. Angiography showed that the internal carotid artery was patent, and there was no contrast filling in the cavernous sinus (Fig. 4) .
Following embolization, the ophthalmic signs were relieved, the intracranial bruit disappeared and the left hemiparesis gradually recovered. MRI performed 1 week postoperatively showed reduced brainstem edema (Fig. 5) . At the 1-month follow-up, all symptoms, including hemiparesis, had disappeared, and MRI showed an absence of brainstem edema (Fig. 6 ). The patient was found to be normal at the 6-month follow-up performed via telephone.
Discussion
TCCF is not uncommon clinically, and the symptoms are mainly dependent on the direction of the cavernous sinus drainage. The cavernous sinus lies laterally to the pituitary gland and sphenoid bone and extends from the superior orbital fissure to the tip of the petrous bone. The cavernous sinus receives blood from the superior and inferior ophthalmic veins, superficial cortical vein and sphenoparietal sinus and drains into the superior and inferior petrosal sinus and pterygoid venous plexus. The C4 segment of the internal carotid artery passes through the cavernous sinuses, and they communicate with each other via the intercavernous sinus (8) . When a sphenoid bone fracture punctures the internal carotid artery or a pseudoaneurysm is ruptured, arterial blood can enter the cavernous sinus, causing a TCCF. As high-flow and high-pressure arterial blood enters the cavernous sinus, an intracranial bruit can occur at the fistula. In addition, the hemodynamic changes in the cavernous sinus can reverse flow into tributaries. Reflux into the ophthalmic vein can lead to ophthalmic signs, and reflux into the ulnar vein can cause enlargement of the vein on the surface of the brain and cerebral hemorrhage (9) . Due to these anatomic and hemodynamic characteristics of TCCF, patients with TCCF often exhibit atypical clinical symptoms as a result of the intracranial hemorrhage, in addition to typical clinical symptoms such as exophthalmos and intracranial bruit (10-12) ; however, the clinical symptoms of TCCF patients with brainstem edema are rarely reported, and the mechanisms and prognosis of TCCF with brainstem edema remain unclear. Here, we review the clinical characteristics of the present case along with the other six cases available from the literature (2-6).
TCCF-associated brainstem edema appears as a diffuse lesion with unclear boundary and exhibits venous congestive infarction on radiological images. This is similar to that caused by intracranial sinus thrombosis and venous thrombosis (13) . Due to its rarity, elucidation of the mechanisms underlying brainstem edema caused by TCCF has been difficult. TCCF is not the only cause of brainstem edema, as cavernous sinus dural arteriovenous fistula (CSDAVF) has also been reported to cause brainstem edema (14, 15) . In a retrospective study of 54 patients with CSDAVF, Miyamoto et al (15) reported that the main manifestation of venous congestive infarction was brainstem edema, which was primarily caused by insufficient venous collaterals, venous thrombosis, varicose, basilar venous hypoplasia and increased venous flow; however, brainstem edema following TCCF is not completely due to increased venous flow in the brainstem, as venous congestion, although rare, can occur despite an increase in venous flow in the superior and inferior petrosal sinus following the entry of arterial blood into the cavernous sinus (5) . Increased blood flow in the periphery of the brainstem is therefore not the major cause of brainstem edema following TCCF.
In all six previous cases with brainstem edema caused by TCCF (Table I) , thrombosis in the superior petrosal sinus occurred. Although thrombosis in the petrosal vein most commonly occurs in CSDAVF, thrombosis in the superior petrosal sinus was also found in CSDAVF (15) . Consistent with the literature, the present case exhibited occlusion of the superior petrosal sinus on DSA. When the superior petrosal sinus is occluded, high-flow arterial blood mainly drains to the superior and inferior ophthalmic veins, inferior petrosal sinus and pterygoid plexus, thereby causing severe ophthalmic signs. The tributaries of the superior petrosal sinus drain to the brainstem veins; when they are occluded, the collaterals in the brainstem need to be re-established via the venous plexus in the periphery of the brainstem (16) . In addition, small veins that communicate with the cavernous sinus are enlarged and drain the cavernous sinus. In the present case, the veins in front of the brainstem were enlarged and drained to the basal vein of Rosenthal. Ract et al (6) reported that the edema in the brainstem and basal ganglion was induced by drainage via the ulnar vein. Furthermore, following occlusion of the superior petrosal sinus, drainage to the inferior petrosal sinus increases, thus leading to impaired venous drainage in the periphery of the brainstem and aggravation of the brainstem edema. Besides occlusion of the superior petrosal sinus and enlargement of the veins, hypoplasia of the basal vein of Rosenthal was observed in cases with CSDAVF and TCCF with brainstem edema (6, 15) . In combination, these findings suggest that poor venous drainage may be a main cause of brainstem edema with TCCF. The cause of superior petrosal sinus occlusion in TCCF remains unclear. Since spontaneous occlusion of a bilateral TCCF and spontaneous thrombosis of CCF following failed transarterial balloon occlusion have been reported (17, 18) , we speculate that stasis of venous flow and loss of venous pressure in TCCF may lead to stasis of blood flow in the superior petrosal sinus. Similar conditions have been reported in carotid-cavernous dural arteriovenous fistula (19, 20) and in the ophthalmic vein following TCCF (21); therefore, thrombus formation due to stasis of the venous flow likely contributes to occlusion of the superior petrosal sinus in TCCF. Other factors may also contribute to occlusion of the superior petrosal sinus, however, including induction of thrombus formation by contrast agents either by directly acting on endothelial cells or via the accumulation of white and red blood cells. This may occur as a result of the accumulation of contrasts in the cavernous sinus, since contrasts do not induce thrombus formation in normal blood vessels (22, 23) . In all six cases available with brainstem edema caused by TCCF, brainstem edema and its associated symptoms occurred following the use of contrast materials (2) (3) (4) (5) (6) . In the present case, there was mild brainstem edema on MRI during the use of contrast materials, but the brainstem edema was aggravated following the use of contrast materials. It is therefore possible that the use of contrasts may lead to brainstem edema.
Brainstem edema caused by TCCF is associated with venous congestion, which can be effectively treated with transarterial coil or balloon embolization (Table I) . Since ischemia and infarction do not occur, the prognosis of TCCF with brainstem edema is similar to that of brain edema caused by thrombosis of the intracranial venous sinus (24) . Five patients who were treated with transarterial coil or balloon embolization achieved satisfactory outcomes. In the present case, the hemiparesis and brainstem edema disappeared with the transarterial balloon embolization.
In conclusion, occlusion of the superior petrosal sinus commonly occurs in TCCF, which can lead to poor venous drainage in the brainstem. Increased venous pressure in the superior petrosal sinus and clival venous plexus further blocks the venous drainage in the brainstem, leading to brainstem edema and its associated symptoms, such as hemiparesis. Use of contrasts for angiography may aggravate the brainstem edema. Relief of brainstem edema and brainstem edema-associated clinical symptoms can be achieved with transarterial coil or balloon embolization of the TCCF to reduce the drainage pressure in the brainstem veins.
